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EFFECTS OF SLOT SIZE AND GEOMETRY ON THE
FLOW IN RECTANGULAR TUNNELS AT
MACH NUMBERS UP TO 1.L

By William J. Nelson and James M. Cubbage, Jr.
SUMMARY

An investlgation has been made of the effects of slot width, depth,
shape, and spacing on the center-line pressure distribution in rectan-
gular tunnels of constant cross section with several helght-to-width
ratios. Results are presented in the form of center-line static-
pressure distributions and calculated statlic-pressure and angle-of-
flow distributions along the slotted boundary. The latter was accom-
plished by the method of characteristics using the center-line pressure
distribution as a starting point and sssuming isentropic flow through-
out the length of the tunnel. The data show that transonic flows with
a maximum deviation in Mach number less than 10.01 can be generated in
a rectangular tunnel with fixed-geometry slots for Mach numbers up
to 1.4, the 1limit of the tests. It is also shown that changes in the
effective free area ratio of the boundary and in the length of the
tapered slot opening cause large changes 1in axiel pressure distribution.
With & given slot configuration more uniform flows were obtalned in
tunnels of large height-width ratio.

INTRODUCTION

The feasibllity of generating supersonic Mach numbers by the con-
trolled removal of gir from a slotted channel of constant cross section
is well-established, references 1 to 5, and many slotted tunnels are
now operating in the transonic regime. The design of such facllities,
however, frequently requires extensive calibratlon and modification to
establish uniform flow throughout a short test section, and the final
slot conflgurations vary markedly from one tunnel to another. A series
of tests has been made in rectangular tunnels of varilous height-to-width
ratios at the Internal Aerodynamics Branch of the Langley Laboratory
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to determine the effect of several slot parameters on the Mach number
distribution along the test sectlon. Although the range of wvariables
covered is small, it 1s sufflicient to permit explenstion of many of

the confllcting results obtalned In independent tests and, when used

as & gulde In the development of final slot shape for transonic facil-
ities, should reduce the necessary development work. In these tests,
Mach numbers up to 1.4 have been obtained. Data are presented in the
form of static-pressure distributlions measured along the channel center
line and pressure and mean-angle-of-flow distribution aslong the slotted
wall; the flow along the slotted wall was established by the method of
characteristics using the measured center-line pressure as & starting
point with the assumption of two-dimensional flow along the channel

and uniform velocity at the entrance to the slotted reglon.

SYMBCLS

dg depth of slot, in.

=3

effectlive height of channel, in.

L length of slot taper, in. B
M Mach number corresponding to p/P,

Me Mach number corresponding to p./P,

n number of slots in each slotted wall

Py stegnation pressure

P local static pressure along channel center line

Dy local static pressure along slotted wall

Pe chamber statlic pressure

W width of channel, in.

Vg width of slot, in.

Wy width of slot at any point x, in.

X distance along channel measured from upstream end of slot, in.

o] slot taper Included angle
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8w angle of flow reletive to wall; positive towards wall
v flow devietion angle from direction at M = 1.0
APPARATUS

The general arrangement of the experimental apparatus used in
this investigation is presented in figure 1(a). The channels tested

were h% inches high but differed in width from 2% inches to L inches;

the cross sectlion was constant for approximately 17 inches. In several
of the configurations tested a reflection plane was installed, in place
of a slotted wall, in the top boundary of the channel, thus producing

a channel with an effectlve helght twice 1ts physical height. The
dimensions of the plenum chember surrounding the channel were large
relative to those of the channel. The pressure wlthin this chamber was
regulated by adjustment of & remotely controlled vacuum system whose
operation was completely independent of the main-stream power.

The slotted boundaries were built up from brass bars, the number
and shape varylng for the different channel widths and slot configura-
tlons tested. All slot configurations reported herein were placed in
both the top and bottom walls of the chanmels except when use wag made
of the reflection plane. Pertinent dimensions of all slot configura-
tions tested are glven in table I. A 0.025-inch gap between the slotted
wall and the side walls was used in the single slot configuration of

the 6%-inch—wide channel and all conflgurations tested 1n the 2%-—inch—

wide channel; this gap was added to the value of nwg 1In computing the
free srea of the boundary for those configurations. Figure 1(b) shows the
channel and plenum-chamber assembly and in figure 1(ec) the h%-—by 6%—inch
channel configuration ie shown. Figure 1(d) shows assembly of the chan-
nel and best slot conflguration tested for the h%u-by hlu-inch,channel.

2
The variation of the ratlo of the open wldth to the total width of the

slotted boundary with the dlstance from the upstream end of the slot is
presented in figure 2 for all tapered slot configurations tested.

Center-line static pressures were measured by a remotely controlled,
0.060-inch-diameter, static probe having four static orifices 0.0135 inch
o
in dismeter located 0.660 inch behind the base of the 6% conical tip.

The maxlimum length of travel for the probe was ll% inches and its zero

position was set in the plane of the slot origin. Center-line static
pressures for the reflection-plane configurations were measured by
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0.030~-inch-dlameter orifices spaced at l/Z-inch intervals along the
reflectlon-plane surface. Stagnatlon pressures and temperatures were
measured upstream of the entrance bell. Moisture condensation was
avoided by operating at stagnstion temperatures up to 250° F; the
corresponding stagnation pregsure was of the order of 2 atmospheres.
Stagnation pressures, probe static pressures, and chamber static
pressures were read from mercury-filled U-tube menometers. Statlc
pressures from the reflection plane were recorded photographically
from a multitube manometer board.

RESULTS

The axial pressure distribution through each of the tunnel con-
figurations investigated 1s presented for varilous chamber pressure
ratios pe/Po 1n figures 3 to 6. The data presented in figures 3

and 4 were taken in 2%-—by-h%u-inch and 6%-by—h%-inch channels with

a reflection plane opposite the slotted wall glving channels whose
effective height was 9 inches. The pressure distributions obtained

in a 6E by-L4= - inch channel with rectangular slots of constant depth

in opposite walls are presented in figures 5(a) to (c) and for slots
with tapered plan form in figures 5(d) to (h). The data of figure 6(a)
were obtalned with wldely separated tapered slots In opposite wells of

a M%- inch~square channel and in figure 6(b) the same plan form was
ugsed in slots also tapered in depth.

These results show a generally smooth Initial expansion followed
by & more or less varlable pressure as the static pressure in the tun-
nel approaches that in the chamber. The Mach number attalnable in a
given channel 1s shown to lncrease as the chamber pressure ratio is
reduced and the maxlimum Mach number attalnable 1s shown to lncrease
with the free area of the boundary. In some configurations tapered
glote were found to produce more uniform pressure than rectangular
glots and in other configurations the reverse was true. Slots tapered
in width and depth were found to produce very uniform pressure along
the axls of a square tunnel throughout the Mach number range of these
tests, that is, to M = 1l.L.

DISCUSSION

In snalyzing the data presented in flgures 3 to 6, it 1s desirablé
to examine the pressurs variatlions and the angle of flow along the

8
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slotted wall. As a basis for such comparlsons the flows in a free jet
and in a minimm-length nozzle have been calculated for a single Mach
number (M = 1.2) by the method of characteristics; these are presented
in figure 7. The numbers that appear in the characteristic networks

of figure T(a) are values of the calculated flow angle deviaetion from

M = 1.0. The external pressure retio for the free jJet is identical to
the final pressure ratlio in the minimum-length nozzle; hence, the flow
from the free jet turns lmmediestely to the value of VvV corresponding

to that pressure ratio while the flow at the inlet of the minimum-length
nozzle turns only V/Z. The curves of 6y and Pw/Po plotted against

x of figure T(b) show the pressure and flow-angle distribution that
would occur slong the position for a slotted boundary placed in these
flows as indicated in figure 7(a). It is noted that one complete cycle
for the free-Jjet expansion is not shown in figure T(a); all of the com-
pression waves reflect to one polnt, from which point the jet repeats
the cycle of overexpansion and then overcompression indefinitely.

Along the center line of the free Jet, pressures substantially below
the chember pressure result from the cumulative effects of expansion
at both the upper snd lower boundaries; an initlal expansion to sub-
chamber pressures will therefore in a slotted tunnel indicate excessive
slot srea. The uniform rapid expansion to the design Mach number in
the minimum-length nozzle represents an optimum design.

Effect of channel height-width ratio.-~ Data obtalned in tests of
three channel configurations with 1/5-open boundaries and slots of
approximately the same geometry (wg = 0.057 to 0.066 inch and
dg = 1/2 inch) have been presented in figures 3, 4, and 5(b). Aero-
dynamically thesge slots are consldered comparasble, that is, equal pres-
sure differences across the slots would result in egqual flow rates
through them. Comparison of the results of figures 3, 4, and 5(b),
however, shows substantiel differences in center-line pressures for
comparable chamber pressure ratios. The Initial rate of expansion
appears essentlelly constant for all three configuratlons; the extent
of this expansion, however, 1s in general shown to decrease as the
height-width retio of the channel increases. Wilth increasing height-
wldth ratlio, the pressure variations along the channel are also reduced.
A qualitative explanation of these differences can be found in an
exemination of the effect of the boundary-layer growth along the
channel walls.

In closed channels 1t is common practice to diverge the walls an
amount equal to the growth in the displecement thickness of the boundary
layer. In a slotted channel of constant cross-~sectional area, this
effect must be accomplished by removal of air through the slots. The
amount of air to be removed in the latter case is approximately equal
10 the increase in boundary-layer dilsplecement thickness times channel
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nw,
periphery 2(h + w)AS*. With the slot area equal to <-§§>w per well,

it is apparent that for constant AS*  the rate at which air must flow
through the slots increases as h/w increases. With identical rates
of flow through the slots, that part of the flow necegsary to overcome
the effects of the boundary layer 1s a greater proportion of the total
flow in channels of larger h/w; thus, for equal chamber pressure
ratios, less supersonic expansion occurs in these channels. It is thus
apparent that data obtained 1n tests of rectangular channels with '
slotted or porous walls cannot be applied to the design of facilities
of other proportlons without correction for the effects of boundary-
layer growth. ‘

Effect of slot depth.- The center-line pressure distribution at
P./Py ~ 0.38 (M % 1.27) is shown for constant-width slots of 1/8-,

1/2-, and 1l-inch depth in figure 8. For the 1/8- and 1/2-inch-deep
slots, the data of figure 3(a) were used directly; for the l-inch

slots, however, 1t was necessary to present data obtained by extrapo-~
lating the experimental pressures to lower values of PC/PO' The
pressure gradient in the inlitial expansion was independent of slot
depth end for slots of 1/8- and 1/2-inch depth the extent of the initial
expansion was nearly constant; wlth the deeper l-inch slots, however,
the initisl expansion was carried to subchamber pressures. Differences
in pressure ahead of the slots are probably associated with fairing of
the nozzle blocks and are neglected in this discussion. The two charac-
teristics nets from which the direction of flow and the mean pressure
along the wall were obtained are presented for the half-nozzle. Conver-
gence of the expension lines on a polnt very close to the slot origin is
indlcative of an approach to the Prandtl-Meyer turn characteristic of
the expansion from the end of a free Jet or at the throat of a minimum-
length nozzle. The flow angle along the wall, plotted as 6y against
x/h, increased sbruptly at the upstream end of the slotted region and
decreased thereafter to zero at x/h = 3/4. Maximum turning experienced
with the deepest slots approached two-thirds of the celculated free-

Jet expansion; reducing slot depth from 1 inch to 1/2 or 1/8 inch
reduced the inltial turning by approximately 25 percent. The angle of
flow along the slot downstream of the initlal expansion was also

reduced by the decrease in slot depth, and with the l/8-inch depth,

the direction of flow through the slots was reversed (air flowing into
the chammel) at x/h = 0.66. At this Mach number, M % 1.27, the
pressure variation along the reflection plane was least with l/Z—inchr
deep slots; at higher Mach numbers, reducing the slot depth to 1/8 inch
regsulted in more uniform flow.

Effect of slot width and free area ratlo.- The effect of simultaneous
variation of slot wldth and of the free area ratlo of the slotted boundary
is shown in figure 3(b). These curves were taken from cross plots of data

L
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obtained in the E%-by-h%u—inch channel with reflection plane (effec-

tive height, O inchesg). The slot widths investigated were 0.029-,
0.057-, and 0.100-inch, slot depth was constant at 1/2 inch and spacing
constant at 1/L inch; the corresponding free area ratios of the slotted
boundaries were 1/9, 1/5, end 1/3. At a chamber pressure retio of

0.440, almost identical results were obtained with the 0.057- and
0.100-inch slots; however, reducing slot width to 0.029 inch (free area
ratio, 1/9) resulted in a substantlial reduction in Mach number over the
half tunnel height following the initial expension. Agreement of the
exial pressure distributions with 1/3- and 1/5-open boundaries at

Po/Po = 0.LL40 can occur only if alr is drawn across the slotted
boundary into the chamber at identical rates of flow. If the slots

are regarded as thilck plate orifices, it follows that the discharge
coefficient for the 0.057-inch slots 1s greater than that of the
0.100-inch slots by the ratlio of the difference in free ares ratio of

the walls. Similsrly, the lower Mach number obtained between x/h = 0.25
to 0.75, using 0.029-inch slots indicates that the discharge coefficlent
of these slots 1s not greater than that of the wider 0.057- or 0.100-inch
openings by the ratlo of free area ratios.

By reduclng the chamber pressure ratio, the rate of air flow across
the sglotted boundary is lncreased and higher Maech numbers are generated
until choking occurs. At Pc/Po of 0.375 and 0.340, the axisl pres-
sure curves for the various wall configurastlions are well-separated.

The general equality of the solid curves at pressure ratlos of 0.375
and 0.340 indicates that with the l/9-open boundary the 0.029-inch

slots are choked at Pc/Po £ 0.375. With this configuration, channel
lengths in excess of the height are necessary to generate Masch numbers

greater than 1.2 (gl = 0.&12). Although the 1/5-0pen (0.057 inch) slots
0
are not choked within the range of this investigation, it 1s apparent

from the increased spread between the pressure in the chamber and the
local pressure at the end of the initial expansion that these slots are
approaching the choked conditions at p,./Py = 0.340. With the 1/3-open

boundary, the initial expansion 18 carried to pressures substantially
below the chamber pressure; slot choking therefore is not lmminent.

A more detalled plcture of the effect of increassing slot width
and free area ratio 1s obtained by comparison of figures 9(a) and (b).
Data for these figures were taken from center-line surveys carrled out

to x/nx 2.6 1in the &F-by-hf- inch chammel with slots in both 6%- inch

walls, figures 5(a) and (b). As in tests using the reflection plane
(fig. 8), the initial expension occurs as an sbrupt turn for both wall
configurations. At Mach numbers on the order of 1.1, the flow angle
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relative to the wall was essentially unaffected by changing slot width
between 0.037 and 0.066. As in earlier tests in this range of slot
gizes and chamber pressure ratios, the slot discharge coefficilent
Increases as the slots become smaller. At higher Mach numbers choking
in the slots appears to limit the rate of flow through the less open
boundary; this limitation of the initlal expansion appears advantageous

in the h%-—by-6%-—inch channel, however, since at x/h > 1 +the pres-

sure variation along the tunnel and the variations in flow angle along
the wall decrease wlth decreasing slot width and free area.

Effect of slot width and slot separation.- In the previously
discussed confilgurations in which slot width was variable, the free
area ratio of the boundary was also variable since the separation of
the slots was constant. The effect of simultanecus changes in slot
width and separation at constant free area ratio 1ls shown by compariscn
of the center-line pressure distributions of figures 5(b) and (c). To
facilitate comparison of these data, interpolated curves from figure 5(b)
have been superimposed on the experimental distributions of figure 5(c)
at corresponding values of the chamber pressure ratio. As previously
discussed, the inltial rate of expansion was essentlally unchanged
when slot width and spacing were simultaneously increased by a factor
of 18. Immedlistely downstream of the initial expansion, however, the
Mach numbers obtained with the larger slots at chamber pressures
corresponding to Mach numbers on the order of 1.15 or greater, were
appreciably smaller than those obtalned with the closer spacing of
semall slots. Thus increasing slot width and spacing has in this Mach
number range decreased the flow rate per unit area. It will be noted
that this comparison is somewhat extreme in that the separation of the
small slots 1s of the order of 6 percent of the tunnel height and that
of the large slots 1s 110 percent of the turmmel height. In determining
separation of the wide slots, the tunnel side wall is considered as
the midpoint between adjacent slots. The center~line surveys are
accordingly in a vertlical plane through the slot center line; static-
pressure surveys in other vertical planes indlcate substantial differ-
ences as a result of three-dimensional effects not present in configura-
tions utlilizing closely spaced slots. . .

A similar comparison at slightly higher Mach numbers in the

2&-—by—h%-—inch chennel with the reflection-plane (effective height,

9 inches) setup falls to show any substantial difference between initial
expansion wlth variation of slot separation. This is shown in fig—\f
ure 3(&) where interpolated curves f£rom the l/Z-inch-deep single-slot
configuration of reference 1 are superimposed on the curves from tests
of slots of l/Z—inch depth at the same chamber pressure ratios. In

this comparlison, data from tests of 0.057-inch slots at 0.25-1nch
separation are compared with 0.40-inch slots at 1.85-inch separation
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in a channel whose effective heilght was 9 inches; in terms of channel
height the corresponding separation was 3 and 20 percent, respectively,

whereas 1in the h%u-by-6%-inch channel the corresponding values were

6 and 110 percent.

Effect of taper in slot width.~ Data obtained in tests of several
wall configurations in which slot width was increased along stralght
tapers, presented in figures 5(d) to (h), are analyzed in figures 9(c)
to 9(g). With a 1.25° taper opening into 0.037-inch slots in the

6&u-by—4%-inch channel, the center-line pressure distributlon wes

gppreciably less uniform, figures 9(a) and (c). Comparison of the
characteristics diegrams and the flow-angle distribution along the wall
shows that the Introduction of the tapered entry to the slots reduced
the rate of turning at the upstream end of the slots and reduced the
total volume of air removed from the forward part of the tunnel {(note
reduction in area under the curve of 6y against x/h). Similar

results were obtsined when 1.25° taper was used with the l/5-open
walls wg = 0.066, figures 9(b) and (d). Comparison of the 6y curves
of figures 9(d) and 9(e) with figure 9(b) shows that the introduction
of taper into the slot plan form to effect a more gradual opening of
the boundary resulted in substantial reductions in the initial rate of
expansion but for the l/5—open boundary with 0.066-inch slots the
resultant flow was not significantly improved. The maximum flow angles
relative to the wall were obtained with 2.75° taper.

With the 1.25° tapered slots of configurations reported in fig-
ures 5(d) and (e) and figures 9(c) and (d), the separation of the
individual slots at their maximum width wae constant, 0.25 inch, the
increase in slot width from 0.037 to 0.066 inch was therefore sccom-
panled by en increase 1n the free area of the boundary and a reduction
in the number of slots and an increase In tapered length. Comparison
of the corresponding curves of figure 2 shows that the rate of opening

of these slotted walls 1s approximately the same for the first l% inches;

in this region, however, the characteristics nets and the curves of 0y

agaeinst x/h of figures 9(c) and (d) indicates that the initial rate
of turning In this region was grester for the narrower slots. The
higher flow through the narrower slots is consistent with an earliler
observation that decreasing slot width increases the flow coefficient
of the slot. A similar comparison between data obtalned in tests of
slots of 0.066- and 0.143-inch width with 2.75° taper at the forward
end, figures 9(e) and (f), also shows a higher rate of air flow across
the upstream sectlon of the narrow slots at Mach numbers close to unity
with equal or greester flow across the wider slots, more open boundearies,
at Mach numbers on the order of 1.2 or greater. Comparison of the rate
of flow across the various boundary configurations beyond the point of
the initial expansion 1s somewhat meeningless unless the slots have
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become choked because the variations in angle downstream of the iﬁitiél
expansion are to a large extent determined by the characteristics of
the Initlal expansion. -

Although the taper angles used in these confilgurations were in
general of the same order as those used to advantage In other installa-
tions, the length of taper relative to the tunnel height was much
smaller as a result of the use of narrow, closely spaced slots. The
generally unsatisfactory results obtained with these configurations
suggests that taper length rather than taper angle is the gignificant
paremeter. This conclusion 1s further borne out by comparison of the
data presented in figures 5(f) and (h) and figures 9(e) and (g) where
results are presented of tests of l/5-open boundaries differing in
slot width from 0.0665 to 0.225 inch and in taper length from approxi-
mately 0.3 to 1.05 channel heights. The initial expansion with the
longer taper, wider slots, occurred at a somewhat slower rate than in
previously discussed configurations; the amount of turning also was
less than that observed with other tapered configurations opening into
slots with approximately equal total free area. Compare the curves
of 6y ageinst x/h in figure 9(g) with those in figures 9(d) and
9(e) in which the tapered sections were of the order of 0.7 and
0.3 tunnel helght, respectively. Although the overexpansions with
subsequent nonuniform flows have not been eliminated in this configura-
tion with wide (0.225- inch) slots, an lmprovement, eqpecially noticeable
at Mach numbers of the order of 1.1 or less, has been effected,
reemphasizing the desirability of long teper in slots designed for
tunnels to operate at low supersonlc Mach numbers.

Comparison of figures 5(e) with 5(g) and figures 9(d) with 9(f)
shows the effect of increasing slot width and free area ratio at con-
stant taper length (3 inches) and spacing (0.25 inch). At low Mach
numbers (M 2 1.2) the pressure variations along the axis of the channel

were appreclably reduced by increasing siot width with the initial
expansion effected at a slightly higher rete. At Mach numbers of the
order of 1.3 or greater, the extent of the overexpansion lncreased with
slot width and the resultant pressure variations aslong the axis were
increased.

Effect of taper in slot depth.- The deta of figures 6(a) and (b)

end figures 10(a) and (b) were obtained in the 4. by-hi- inch tumnel

with slots of identical plan form; the data of figure 6(a) were obtained
with slots of constant depth (1/2 inch) while those of figure 6(b) were
obtained with slots whose depth decreased linearly throughout the ’
tepered region from 1/2 inch at the front of the slot to 1/16 inch at
x/h = 0.66, the end of the plan-form taper. Comparison of typiecal
center-line pressure distributions from these tests shows little change
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in initial expansion rate, but indicates a marked reduction in the
magnitude of the overexpansion and subsequent recompression with slots
tapered in depth as well as in width. Comparison of the curve of 6y
agalinst x/h for these two slot configurations shows that this improve-
ment, effected by introducing a varlation in the depth along the slot,
stems largely from the reduction in the maximum flow angularity reeched
in the initial expanslon establishing equilibrium between the chamber
and the channel with smaller variations in flow direction along the
slotted boundary. With these slots, tapered in both width and depth,
the mean pressure along the channel boundary approaches the chamber
pressure very closely at the downstream end of the survey; it therefore
appears probable that uniform flow may be obtained over any desired
length of test section by simply extending the channel to the desired
point.

CONCLUSIONS

From the results of this investigation of the transonic flow in
rectangular tunnels with slotted top and bottom boundaries, it is
concluded that:

1. Increasing tunnel height-width ratio reduces the smount of
expension which can be obtained in a given distance from the slot
entrance with slots of equel air-flow capaclty.

2. In tunnels whose wildth is approximately egual to the height,
Mazch number variations of 0.0l or less can be achieved up to a Mach
number of at least 1.4 by the use of slots whose width increases and
whose depth decreases from the beginning of the slot for a distance
equal to 2/3 of the tunnel height.

3. At high Mach numbers choking of the slots in boundaries of low
free area ratio necessltates very long slotted sections.

k., A tapered entry to constant-depth slots reduces the initial
rate of expansion but may cause increased overexpansion with a resulting
increase in pressure disturbances along the tunnel.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronsutics,
Langliey Field, Va.
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TABLE I.- DIMENSIONS OF CHANNELS AND SLOT CONFIGURATTONS

Over-all Slot
Chamel | h, dg, | wa, | O, | T,
glze, In.| in h/w DWS/V in. iﬁ. deg | In. B iigﬁthigf Bepaiztion,
9.0 | 4.00|%/5 |1/8 |0.057]180 |oO 71 12.0 0.25
5.0 4.00{81/5s |1/2 | .057|180 |oO 7] 12.0 .25
of vy 4= | 9.0 | %.00 | 81/5 1 | .057] 18 |o 7| 1z2.0 .25
7 2 1g.0(k00(2/9 [1/2 | .029{180 |o 71 12.0 .25
9.0 k.00 |®1/3 |1f2| .w0[180 |0 5| 12.0 .25
9.0 [1.M4 | 1/5 |if2 | 066) 180 |0 19 | 15.0 .25
hs| .t2) 1fs j1f2 | .066{ 180 |0 19 | 15.0 .25 9(b)
hs| .7alenfs j1/2 |1.200f 180 |0 1| 15.0 5.00 )
k5| ow72) /8 |1/z2 | L0371 180 |o 21 | 15.0 .25 5 9(a)
6k'by W lys | 2] 18 |u/2 ) .037]1.25 | 1.68 |21 | 13.7 .25 5 9(c)
2 lus!| 72t 1/5 [1/2 ] 066 1.253.00 {19 | 15.0 .25 5 9(a)
hs| .712] 1/5 1/2 | 066 2.75|1.38 |19 13.4 .25 5 9(e)
L.5 | 72| 1y/2.9)1/2 | 3| 2.75 ) 2.98 |15 15.0 .25 5 9(f)
L5 | 72| i/k6)1/2 ) 225f2.75 kT2 6| 15.0 .90 5 9(g)
L5 11.001 1/8 f1fe ) awi|z2.95({2.96]| | 12.8 .50 1DEE)
1% by 1% b5 100l 18 |3/a | k2B |e96 | k| 12.8 .90 10(b)
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1/16

8Tncludes 0.025-inch gaps between slde walls and slotted boundary.
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(d) Test channel and slotted well assembly; W = h% inches;

h = h% inchee; nwg/w = 1/8; wg = 0.141 inch; n = 4;

d,, variable along taper; ¢ = 2,75°.

Figure 1.- Concluded.
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Filgure 5.- Pressure distribution along center line; w = 6}}-‘ inches;

h = 1}-2]: inches.
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Mgure 5.~ Continued.
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Figure 5.- Contimued,

20

(]

9TELST WI VOVH




PRESSURE RATIO, P/P,

80

45

40

DISTANGE FROM UPSTREAM END OF SLOT, x/h

(4) pwg/w = 1/8; wg = 0.037 inch; n = 21; ¢ = 1.25°.

Flgure 5.- Continued.
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Figure 5.~ Continued,
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PRESSURE RATIO, B/P,
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(g) nwg/v = 1/2.9; wg = 0.143 inch; n = 15; &= 2.75°.

Figure 5.- Continued.
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(b) nwg/w = 1/4.64; wg = 0.225 inch; n = 6; ¢ = 2.75°.

Flgure 5.- Concluded.
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Figure 6.- Pressure distribution along center line; w = l% inches;
h = 1% inches.
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nwy/w = 1/8; wg = 0.141 4nch; n = b

dg, variable along taper; ¢ = 2.750.

Figure 6.- Concluded.
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Figure 7.- Analysis of free Jet and minimum-length nozzle at M =~ 1.20.
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Figure 7.~ Concluded.
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